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Summary. A microbial consortium obtained by enrich- 
ment culture on syringate of termite gut material was 
used to improve the anaerobic degradation of olive-mill 
waste-water (OMW). Addition of the consortium (1/4 
v/v) to the control inoculum originating from waste-wa- 
ter sludge, increased methane production by 50% over 
the control during anaerobic digestion of OMW prefer- 
mented by Aspergillus niger. This increase was related 
to enhanced acetate production in the presence of the 
consortium. When OMW was not prefermented by A. 
niger, no improvement in methane production was ob- 
served, indicating that the aerobic degradation of inhibi- 
tory substances is needed for the consortium to express 
its potential. 
Introduction 
Olive black water is a waste-water from the manufacture 
of olive oil. The polluting organic material can lead to 
45-55 kg biological oxygen demand per ton of olives, 
whatever the process used (Balice et al. 1982). The or- 
ganic fraction includes sugars, tannins, polyphenols, po- 
lyalcohols, pectins, and lipids (Fiestas Ros de Ursinos 
1981). The anaerobic digestion of this waste is severely 
inhibited by high concentrations of simple aromatic 
compounds (Andreoni et al. 1986). The removal of phe- 
nolic compounds has already been achieved aerobically 
using an Aspergillus niger strain (Hamdi et al. 1991). 
Termites are the only animals in which significant lig- 
nin degradation has been shown (Butler and Bucherfield 
1979). An anaerobic bacterial enrichment culture on sy- 
ringic acid was performed from ground hind-guts of 
soil-feeding termites (Brauman 1989). Since syringate is 
a predominant aromatic compound in olive waste-water 
(Balice and Cera 1984), we have tested the effect of the 
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inoculation of such an enrichment culture on the metha- 
nogenic fermentation of this waste. 
Materials and methods 
Source of syringate-degrading consortium. Nests of Cubiterines 
sp., a soil-feeding termite, were collected from Mayombe tropical 
rain forest of the Congo. Termites were removed less than 2 h aft- 
er sampling using sterile forceps. Their hind-guts were removed, 
transferred and kept at 5" C in Hungate tubes (Bellco Glass, Vine- 
land, N. J., USA) containing 5 ml medium of Widdel (1980) and 
gased with N2/C02 (80/20). 
Medium and culture conditions for syringate-degrading consor- 
tium. The Hungate tubes were transferred into an anaerobic glove 
box (La Calhène, Bezons, France). The gut walls were disrupted in 
a 5-ml sterilized tissue homogenizer for 5 min, then transferred 
into a 60-ml serum bottle containing 15 ml of Widdel culture me- 
dium with the following composition in g/l: KH2P04, 0.2; NH,CI, 
0.3; KCI, 0.5; NaCl, 1; CaCl2.2HzO, 0.15; MgCl2*6HzO, 0.4; 
1 ml/l of trace element solution (Imhoff-Stuckle and Pfennig 
1983) and 1 ml/l of resazurin (0.1070, w/v) were added. The me- 
dium was adjusted to pH 7.0 with KOH and boiled under 02-free 
N2. After cooling to room temperature, 20 ml medium was trans- 
ferred into 60-ml serum bottles inside the glove box. The bottles 
were stoppered with black butyl rubber closures (Bellco) and out- 
gassed with N2/C02. After sterilization (110' C, 35 min), the fol- 
lowing sterile solutions were added to each bottle using one-way 
syringes: 0.25 ml NaHCO, (lo%, w/v); 0.2 ml Na2S.9H20 (4010, 
w/v); 0.2ml vitamin solution (lo%, w/v) (Pfennig 1978) and 
50pl Na2Se03 (0.3%, w/v). Half of the medium was replaced 
with 10 mhi sterilized and neutralized anoxic syringate solution. 
Successive enrichment cultures were obtained by transferring 
10-20% of agitated cultures into fresh medium. For kinetic meas- 
urements, 1 ml of culture was removed every day in 1.5-ml Eppen- 
dorf tubes, centrifuged and frozen before analysis. For experi- 
ments on olive-mill waste-water (OMW), the last enrichment cul- 
ture was transferred into appropriate flasks. All operations were 
carried out using the technique of Hungate (1960) as modified for 
the use of syringes (Macy et al. 1972). 
To test the physiological properties of the consortium, cells 
(10070, v/v inoculum) were grown in anaerobic Hungate tubes at 
35" C in Widdel medium supplemented with 10 mM substrate. 
Growth was measured by the optical density at 580 nm. The pres- 
ence of methanogenic bacteria was detected by optical microscopic 
observations using the epifluorescence technique at 420 nm (Dod- 
dema and Vogels 1978). 
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Medium and culture conditions for OMW degradation. The me- 
dium consisted of filtrate of crude OMW or OMW prefermented 
by A. niger strain A10 (Hamdi and Garcia 1991) during 72 h at 
35" C in erlenmeyer flasks. Filtrates of crude OMW are known to 
contain mainly monomeric phenolic compounds (Balice and Cera 
1984); filtrates of prefermented OMW contain metabolic products 
of the growth of A. niger such as carboxylic acids and polyols 
(Hamdi 1991). The medium was adjusted to pH 7.5 with Ca(OH), 
and used in experiments for methane production in 60ml serum 
bottles containing lOml medium and 10ml inoculum with Nz/ 
CO2 as the gas phase. The inoculum was obtained from a 3-1 labo- 
ratory anaerobic filter digestor continuously fed with prefer- 
mented OMW and inoculated with waste-water sludge (Hamdi et 
al. 1991). 
Analytical methods. Volatile fatty acids and methane were ana- 
lysed by gas chromatography as described elsewhere (Hamdi 1991; 
Hamdi and Garcia 1991). Syringate was analysed by HPLC (Brau- 
man 1989). Chemical oxygen demand (COD) was measured by the 
method of Knechte1 (1978). 
All chemicals used were of reagent quality. 
Results 
Physiological properties of syringate-degrading 
consortium 
Within 7 days 5mM of syringic acid were degraded, 
mainly to acetate and butyrate, at a rate of 0.8 mM/day. 
No methane was detected in the enrichment cultures aft- 
er five transfers. This was confirmed by the lack of flu- 
orescent bacteria in microscopic observations under epi- 
fluorescence at 420 nm. 
Some aromatic compounds and other characteristic 
substrates from prefermented OMW (Hamdi et al. 1991) 
were tested for fermentation by the syringate-degrading 
consortium. Gallate, syringate, caffeate, vanillate, glyc- 
erol, fumarate, malate, pyruvate, glucose and fructose 
served as substrates. Table 1 compares the methane evo- 
lution from nine aromatic substrates after inoculation 
with (1) sludge from a laboratory digestor and (2) the 
same sludge enriched with the syringate-degrading con- 
Table 1. Comparative methane evolutions from aromatic sub- 
strates after inoculation with sludge from a laboratory digestor (S) 
and the same sludge enriched with the syringate-degrading consor- 
tium (SDC) (v/v)" 
Substrates 
(1 
Methane production in 28 days 
(PM) 
S S+SDC 
Caffeic acid 81.6 118.9 
Gallic acid 176.6 211.3 
p-Hydroxyphenyl acetate 8.5 28.5 
Protocatechuic acid 30.1 45.2 
Pyrogallol 184.7 215.4 
Syringic acid 224.1 276.2 
Tannic acid 111.3 211.3 
Vanillic acid 98.7 145.4 
Veratric acid 190.3 224.3 
a Experiments were performed in 60-ml serum bottles containing 
10 ml Widdel medium with an aromatic substrate and 10 ml inocu- 
lum. The gas phase was Nz/C02 
sortium (v/v). In all cases, methane production in- 
creased in the presence of the syringate-degrading con- 
sortium. 
Effect of addition of the syringate-degrading 
consortium on methane production from OM W 
Experiments with a range of consortium/inoculum ra- 
tios in serum bottles with prefermented OMW showed 
that the optimum ratio was between 2 and 6 ml of the 
consortium for 10 ml total inoculum. For the following 
experiments, 2 ml of consortium culture was used. 
Microscopic observations of the inoculum under epi- 
fluorescence at 420 nm showed the presence of metha- 
nogenic species similar to the genera Methanobacterium, 
Methanogenium, Methanospirillum and Methanosarci- 
na. The consortium/inoculum mixture was more effi- 
cient at decreasing the black colour of prefermented 
OMW than the inoculum alone. 
The effects of the addition of the syringate-degrading 
consortium on methane production from crude OMW 
and OMW prefermented by A .  niger, at two COD con- 
centrations, are reported in Fig. 1.  The addition of the 
consortium only had a positive effect with prefermented 
OMW. Increase of methane production by 50% was ob- 
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Fig. 1. Methane evolution from crude (A) or Aspergillus niger pre- 
fermented @) olive-mill waste-water, at two chemical oxygen de- 
mand (COD) concentrations, in the absence 0 or presence (O) of 
the syringate-degrading consortium 
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tained with the consortium on prefermented OMW as 
compared with this substrate without the consortium. 
A strictly anaerobic bacterium using syringate in pure 
culture has been isolated and is being studied in our la- 
boratory. 
Discussion 
Syringic acid was the major aromatic compound found 
in OMW (Balice and Cera 1984); it was degraded by the 
consortium into acetate, the main precursor of methane 
(Zehnder et al. 1982), as well as the other aromatics of 
OMW. A consortium concentration of one fifth of the 
inoculum was sufficient to obtain the highest methane 
p r d u c t i m  m prefermented 01I/IW, !ess tmic zinc! m ~ r e  
biodegradable than crude OMW, as shown previously 
(Hamdi 1991). So the efficacy of the consortium in de- 
grading aromatic compounds was expressed only when 
the inhibitory compounds were removed from the cul- 
ture medium by aerobic growth of the fungus. Indeed, 
anaerobic digestion of OMW can be carried out only on 
diluted and/or pretreated substrate because aromatic 
compounds and lipids are more toxic than is raw waste 
(Hamdi 1991). The decrease in the black colour of pre- 
fermented OMW by the consortium/inoculum mixture 
may be due to the degradation of darkly coloured po- 
lymers such as humic acids by the bacteria of the con- 
sortium. The degradation of several other aromatic 
compounds of prefermented OMW by the consortium, 
after growth of A. niger, accelerated the process of me- 
thanization. Acetate produced during the prefermenta- 
tion of OMW contributed to the additional production 
of methane. 
Our results show that improvement of methanogene- 
sis during the anaerobic degradation of a polluting 
waste-water is possible using a specific inoculum oxidiz- 
ing recalcitrant compounds present in the waste. 
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